Introduction
Vitreoretinal diseases, including retinal detachment (RD), remain a leading cause of treatable blindness [1] . Recent improvements in surgical techniques and intraocular short-and long-term tamponade agents have increased the success rates of vitreoretinal surgery [2] , in which vitreous substitutes play a major role. Previously, hyaluronic acid, gas, silicone oil, perfluorocarbons, semifluorinated alkanes and fluorosilicone have been used as long-term endotamponade agents with variable results [3] .
Cibis et al. [4] first described the use of silicone oil in retinal surgery. Despite initial concerns about potentially toxic effects of silicone oil on the retina [5, 6] , silicone oil has become one of the preferred intraocular tamponade agents to be used in the treatment of RD complicated by proliferative vitreoretinopathy (PVR). Several studies have demonstrated its safety and efficacy in the management of complicated RD [7] [8] [9] [10] . Due to its low specific gravity (0.97), however, one of the major limitations of silicone oil is its apparent inability to tamponade the inferior retina [11] , where PVR has a tendency to occur [12] .
Perfluorocarbons, semifluorinated alkanes and fluorosilicone have a specific gravity higher than that of water (1.7-2.0, 1.35 and 1.35, respectively) and, thus, are expect-ed to be better tamponade agents for the inferior retina. Perfluorocarbons, however, do not appear to be tolerated well when left in the eye for extended periods of time [13] [14] [15] [16] [17] . Similarly, it is not clear whether fluorosilicones and semifluorinated alkanes are better tolerated, and both have been shown to incite an inflammatory response in the eye [18] [19] [20] [21] . Furthermore, semifluorinated alkanes (perfluorohexyloctane, F 6 H 8 ) used alone have a tendency to emulsify early, with a subsequent reduction in the extent of retina covered by the agent [22] .
Recently, a mixture of perfluorohexyloctane (F 6 H 8 ) and 5,000-mPa ؒ s silicone oil (Densiron 68; Fluoron Co., Neu-Ulm, Germany) has become available. Densiron has a specific gravity of 1.06 g/cm 3 and a viscosity of 1,387 mPa ؒ s and has now received an EU certification (EU No. 0535). A mixture of F 6 H 8 with silicone oil, with a specific gravity of 1.06 g/cm 3 , was shown to provide a better inferior tamponade effect on the retina in a model eye chamber [23] . Furthermore, Wong et al. [24] recently published the results of a non-comparative pilot study using Densiron 68 in a group of 42 patients with RD complicated by PVR, RD arising from posterior or inferior retinal breaks, and patients with RD who were unable to posture. The anatomical success rate after a single surgery using Densiron was 81%, which improved to 93% with further surgery. A statistically significant improvement in visual acuity was also observed [from 1.41 (SD: 0.64) preoperatively to 0.94 (SD: 0.57) postoperatively; p = 0.001]. In their selected cohort of patients, there was no evidence of dispersion or excessive inflammation related to the use of Densiron 68. Densiron 68 was selected as a tamponade agent in a multicentre, randomised clinical trial comparing the efficacy of this heavier-than-water tamponade agent with that of silicone oil [25] .
Based on its characteristics, it could be expected that Densiron 68 provides a good tamponade effect to both the superior and inferior retina; there are scarce objective data available, however, to support this. The purpose of the current pilot study was to evaluate objectively, using magnetic resonance imaging (MRI), the efficacy of Densiron 68 as a tamponade agent, specifically with regard to its effect on covering the inferior retina.
Patients and Methods
This was a prospective, non-randomised, comparative, clinical pilot study. Nine consecutive patients undergoing pars plana vitrectomy and long-term internal tamponade (3 months) with conventional silicone oil (5,000 cSt) or Densiron 68 were eligible to participate in this study in the period between June 2008 and September 2009. All patients had rhegmatogenous RD, 6 of them had previously failed surgery or surgeries. All but 2 cases had PVR grades of 6 C. Visual acuity including distance and reading vision as well as anterior and posterior segment examination using slit-lamp biomicroscopy and indirect ophthalmoscopy were performed at each follow-up visit. Any inflammatory response clinically observed (cells in the anterior chamber or vitreous cavity) and evidence of emulsification of the tamponade agent (dispersion of the tamponade into small droplets) during the follow-up period was recorded.
All patients underwent MRI to determine the degree of posterior segment filling obtained postoperatively with each of the endotamponade agents used (silicone oil and Densiron 68). MRI was performed in all cases between 1 and 2 weeks postoperatively. T 1 -weighted images acquired by the fat suppression technique were used. In order to achieve the best visualisation of the eye and its structures, a surface coil was used when acquiring the images [26, 27] . MRI scans were obtained with the patients lying flat on their back. The space between the tamponade agent and the retina (volume of separation of the tamponade agent from the ocular wall) was assessed by MRI readers in a masked fashion based on axial and coronal T 1 -weighted images. The space free of tamponade agent was seen as an area with an intermediate signal and with a crescent shape in both axial and coronal planes at the equator.
The following observations were made on each plane: • The image with the crescent having the longest diameter was identified in the axial plane (reference image). The distance between the outer edges of the crescent ( a ) and the maximum thickness ( t1 ) of the crescent were measured in centimetres ( fig. 1 a, left ).
• Similar measurements were obtained from images immediately above (n = 1) and below (n = 1) the reference image.
• The above two steps were repeated for the coronal plane, yielding values b for distance and t2 for thickness ( fig. 1 a, right) .
• An average of the 3 values was calculated to yield the average distances A and B and average thickness T.
As it was found that the space between the tamponade agent and the retina was small, its volume was approximated to that of a thin slab with the dimension A ! B ! T ( fig. 1 b) . The final value, expressed in cubic centimetres, describes the relative volume of the space between intraocular tamponade agent and retina, which we will refer to as the 'separation volume' or 'underfill' in this study.
Statistical Analysis of the Data
The Mann-Whitney test was used to compare differences in separation volume between the silicone oil and Densiron groups. p ^ 0.05 was considered to be statistically significant. Local ethics approval and written informed consent of the patients were obtained prior to the initiation of the study.
Results
A total of 9 participants, 6 men and 5 women, with a median age of 64 years (interquartile range: 54-76 years) were included in the study ( ( fig. 2 ) . No clinically relevant intraocular inflammation was observed in either group. Complications in the silicone and Densiron 68 groups are detailed in table 1 . The patients were followed for a mean of 16 months (range: 6-26 months). The retinal tamponade was removed from all eyes at the last follow-up. Surgery failed to reattach the retina in 1 patient of the Densiron 68 group and in 2 of the silicone oil group; in these, the retina detached following removal of the tamponade agent ( table 1 ). Two of the 3 failures underwent further procedures; 1 patient declined further surgery. Fig. 1 . a Sketch demonstrating measurements obtained from axial and coronal MR images. The image with the crescent having the longest diameter was identified in the axial (left) and coronal (right) planes (reference images). The distance between the outer edges of the crescent (a, b) and the maximum thickness (t) of the crescent were measured in centimetres. Similar measurements were obtained from images immediately above (n = 1) and below (n = 1) the reference image. b An average of the 3 values (for a, b and t ) was calculated to yield the average distances A and B and the average thickness T. As the space between tamponade agent and retina was found to be small, its volume was approximated to that of a thin slab with the dimension A ! B ! T. 
Discussion
In our study a more effective tamponade to the superior and inferior retina was observed following the use of Densiron 68 when compared with silicone oil. To our knowledge, this is the first published study in which an objective evaluation and comparison of the tamponade effects of these two agents was undertaken using MRI. Although, based on current findings, a nearly full filling of the vitreous cavity can be achieved with either silicone oil or Densiron 68, it appears that this is more frequently obtained using the latter tamponade agent ( fig. 2 ) . Furthermore, it appeared that Densiron 68 equally covered the superior and inferior retina. It could, accordingly, be used for any RD and, based on the results of this small pilot study, it may be superior to silicone oil in the treatment of inferior RD complicated by PVR. It has been speculated that, due to gravity, PVR-associated growth factors concentrate in the inferior retina [28] . Silicone oil, being lighter than water and -as shown in this studyless frequently able than Densiron 68 to appose itself to the inferior retina, would allow the existence of a space between its own meniscus and the inferior retina, where PVR-associated growth factors could accumulate [28] . In contrast, Densiron 68 would prevent the above events to take place by eliminating this inferior space.
Another possible advantage of using Densiron 68 in treating inferior RD would be that patients would not need to posture postoperatively. The complete filling observed in the current study with Densiron 68 may explain the good anatomical outcomes reported of patients with full-thickness macular holes, including those that failed to close following an initial surgery, without the need of postoperative posturing [29] [30] [31] . Moreover, the full fill of the vitreous cavity achieved with Densiron 68 would make barrier laser application easier prior to oil removal; such a manoeuvre was shown to reduce the rate of retinal redetachment following silicone oil removal [32] .
In the current study, complications observed included failure in 3 cases (2 in the silicone oil group and 1 in the Densiron group) and passage of silicone oil from the Densiron 68 silicone oil-F 6 H 8 mixture into the anterior chamber in 1 patient in the Densiron group. Although having a good tamponade effect is essential to achieve break closure, it is not sufficient to prevent retinal redetachment. The latter depends on several other factors, including 'missing tears' intraoperatively and continuous traction postoperatively. Thus, although a good tamponade may help the vitreoretinal surgeon to increase their anatomical surgical success, it is not a guarantee of achieving retinal reattachment.
Long-term complications of silicone oil seem to be well established; this may not be the case for Densiron 68. To date, it appears that common complications associated with the use of Densiron 68 are posterior capsular opacification, intraocular inflammation, dispersion of this tamponade agent and increased intraocular pressure [33] . Dispersion is well known to happen also when conventional silicone oil is used [34] . The complication spectrum of Densiron 68 seems to be similar to that of other oil tamponades [35] . Wong et al. [36] compared the postoperative intraocular pressure in patients treated with Densiron and conventional silicone oil and found higher intraocular pressure in the Densiron group in the early postoperative period (2 weeks); however, the difference was not statistically significant at later stages. Mackiewicz et al. [37] studied 'in vivo' the retinal tolerance to heavy silicone oil including Densiron and conventional silicone oils in rabbits. They found that all tamponades studied (silicone oils, Densiron and Oxane HD) were well tolerated for 3 months based on histopathology and electroretinographic findings. In addition, intraocular inflammation and cataract formation seemed to be comparable in all groups.
The current study has several limitations including: the small number of cases enrolled; the fact that all MR images were obtained with the patient supine, which may have made it more difficult to determine the presence of a separation volume superiorly in the cases filled with Densiron, and the fact that the images were obtained only once during the course of the follow-up, thus not allowing an evaluation of possible changes in separation volume that may take place as a result of dispersion of the endotamponade agent over time. Nonetheless, the findings suggest that, frequently, Densiron allows obtaining an excellent coverage of the superior and inferior retina and may be considered a good option to treat RD affecting inferior retinae, especially those complicated by PVR.
